The' chemical form of native antidiuretic hormone, released from the posterior pituitary gland by physiological stimuli, has not yet been determined despite much work on the pharmacology of glandular extracts and on the chemistry of biologically active peptides contained in them. It is possible that the complete hormone circulating in the blood stream is simply the octapeptide, vasopressin, which du Vigneaud and his associates recently synthesized and identified with the active material in extracts of posterior pituitary gland (1) . However, the acidity of these extracts certainly would denature many proteins. If native hormone is a complex of peptide and labile carrier, its full nature might not be revealed by a study of acid extracts.
Using somewhat gentler methods of extraction, van Dyke and associates previously had isolated a protein fraction with both vasopressor and oxytocic activities (2) . Their active material appeared to be a single entity as judged by the criteria of constant solubility and of motion as a single peak in electric and gravitational fields. In further studies of this fraction Acher and Fromageot (3) found that its biological activity was destroyed by the same enzymes and chemical reagents that affected the active peptides. Their quantitative assays suggested that the complex contained one molecule of vasopressin and one molecule of oxytocin per molecule of carrier protein.
Although the amount of antidiuretic hormone in the plasma is much too small for conventional methods of chemical analysis, material with the properties of vasopressin can be detected by bioassay, especially when the donor animal has been stimulated by ether anesthesia (4) or by intracarotid injection of hypertonic saline (5) . In the present study both of these stimuli were used to achieve maximal concentrations of the hormone, and a more sensitive method of assay than previously available was used to follow the distribution of antidiuretic activity in serum fracfionated by electrophoresis. It was found that material resembling vasopressin in chemical and biological properties moved with the beta globulin fraction of serum proteins.
Methods
The test serum was obtained from adult albino rats (weight 200 to 300 gm.) anesthetized with ether and injected intracardially with 0.5 ml. of 2.5 per cent sodium chloride solution. 575
One minute after injection a blood sample was withdrawn, cooled to 4°C., clotted, and separated. Zone electrophoresis (6) was used to fractionate the serum. Potato starch (Amend and Co.), washed three times with deionized water and twice with buffer (barbital, pH 8.6; ionic strength 0.1), was molded into a 1.5 X 15 X 45 cm. block encased in polyethylene sheeting. About 6 ml. of serum, pooled from 2 or 3 rats was diluted with 2 ml. of buffer, mixed with starch, and poured into a 1 cm. slit cut 12 era. from an end of the starch block. After completion of electrophoresis (8 to 9 volts/cm., 41 to 48 hrs., 4°C.), the block was cut into segments of 1 or 1.5 cm. width and extracted by displacement filtration with 7 or 10 ml., respectively, of 0.9 per cent sodium chloride solution. The concentration of protein in an aliquot of each extract was determined in the usual way (6), using Folin-Ciocalteu reagent. Extract of one segment, or pooled extracts of 2 to 5 segments, were then concentrated in a collodion ultrafilter 1 to a volume of 0.5 ml. per segment prior to assay for antidiuretic activity (7) .
RESULTS

Detection of Antidiuretic Activity in Plasma:
Serum obtained from rats under ether anesthesia, and injected with hypertonic saline, contained easily measurable antidiuretic activity, ranging, in 11 experiments, from 1 to 3 millipressor units of pitressin per ml. of serum. Fig. 1 (a) shows a typical result.
In three control experiments, serum obtained from rats under ethanol anesthesia, without any injection of hypertonic saline, failed to cause antidiuresis in the test animal: a volume of 12 per cent ethanol solution (equal to 5 per cent of body weight) was given by stomach tube to rats trained to accept a stomach tube in order to avoid struggling, which stimulates a discharge of antidiuretic material (4). Forty-five minutes later, 1 ml. of blood was withdrawn by cardiac puncture, cooled to 4°C. and the serum was separated for assay. Fig. 1 (b) shows the negative result in one such experiment.
Chemical Similarity of Active Material in Plasma and Extracts of Pituitary Gland:
Thioglycolate.--In two experiments, freshly neutralized thioglycolic acid was added to serum to a final concentration of 0.01 M (pH 7.3) and incubated at 20°C. 1 hour (4). Complete inactivation of the antidiuretic activity was observed. A control sample held at the same temperature and pH retained the major part of its activity. Pitressin (Parke, Davis and Co., Lot 3-161-6 R 457 G) treated similarly with thioglycolic acid, was inactivated.
Proteolytic Enzymes.--0.5 mg. trypsin (crystallized, lyophilized) 2 at pH 7.3, 0.5 rag. chymotrypsin (crystallized) 2 at pH 7.5, 0.5 mg. pepsin (crystallized) s at pH 2.0, and 0.05 rag. of pancreatic carboxypeptidase (3 X crystallized) 2 at pH 7.3 were added, respectively, to 0.6 ml. of active serum or to an equal volume of diluted pitressin. The test solutions and untreated controls were incubated at 37°C. for 12 hours. After incubation, the pepsin-treated sample was readjusted to pH 7.5 and then all samples were stored at 4°C. until assay. Trypsin and chymotrypsin caused complete inactivation of both the plasma and pitressin. Activity in both cases was unaffected by incubation with pepsin or carboxypeptidase. As a further control, samples mixed with trypsin and chymotrypsin were left at 0°C. for 12 hours. No inactivation occurred at the lower temperature (Fig. 4) .
Evidence of Prolein Binding:
When active serum was concentrated by ultrafiltrafion, all the activity was retained in the bag.
• In one typical experiment 1.5 ml. of active serum was placed in a collodion bag and filltered with the aid of suction. After 1.3 ml. of filtrate had passed through the membrane 0.2 ml. of the ultrafiltrate and the 0.2 ml. remaining in the hag were taken for assay. As shown in Fig. 1 (c) the antidiuretic activity was concentrated by this procedure; none could be detected in the filtrate.
cn~cD-LATING
ANTIDIURETIC HOI~OI~TE
On the other hand, when antidiuretic serum was exposed to 0.2 N acetic acid, the activity became dialyzable.
In 2 experiments antidiuretic serum was dialyzed against four changes of 0.2 N acetic acid, with complete removal of activity from the cellophane bag. In two others a simple reduction of ionic strength also appeared to dissociate the complex since active serum, dialyzed in the same way against 20 volumes of deionized water, lost part of its activity.
Association with Beta Globulin:
Starch block electrophoresis caused ant,diuretic activity to move with the beta globulins (Fig. 2) . No traces of activity were found elsewhere in five experiments.
A control experiment showed no adsorption of active material on the starch block: 6 ml. of serum containing antitiuretic activity was placed in the starch block as usual and displaced with buffer. After 36 hours 1.5 cm. segments were cut and extracted with 0.9 per cent sodium chloride solution for determination of protein and assay of antidiuretic activity. All the activity was found in the segments containing the displaced proteins (Fig. 4) .
The material separated by starch block electrophoresis was exposed to thioglycolate and to proteolytic enzymes in the same manner as described for whole serum. The patterns of inactivation were identical. The result of one of three similar experiments is shown in Fig. 5 . In addition, hydrolysis with 2 N NaOH was found to cause complete loss of antidiuretic activity.
DISCUSSION
The assay method had sufficient sensitivity to reveal antidiuretic activity equivalent to only 20 micropressor units of pitressin, yet no activity could be detected in the ultrafiltrates of serum. Evidently, most of the antidiuretic activity was associated with compounds of high molecular weight. The fact that treatment with 0.2 N acetic acid caused the activity to pass a cellophane membrane suggests that the active part of this complex was a smaller molecule.
A number of considerations make it probable that the antidiuretic material of the present study was in fact true pituitary antidiuretic hormone:
A. It was released under the same conditions as the pituitary hormone--stimulation of osmoreceptors with hypertonic saline (5) and ether anesthesia (4)--and, like pituitary hormone, was absent from serum of rats anesthetized with ethanol (4, 8) .
B. Thioglycolate, which inactivated the present material, was shown by van Dyke to destroy the antidiurefic activity of various pituitary extracts (4) and of the protein isolated by him and his associates (2) . It also inactivates the antidiuretic material in urine of dehydrated dogs (9) and in plasma and serum of rats under ether anesthesia (4). 0p~ioal aensity (.--.) C. The antidiuretic factor in rat plasma and in reference pitressin showed identical patterns of inactivation by proteolytic enzymes. The results were consistent with previous studies of enzymatic inactivation of pituitary hormones. Working with pure materials, Lawler and du Vigneaud (10) demonstrated inactivation of arginine-and lysine-vasopressin by trypsin. Croxatto et a/. showed that pitressin was inactivated by chymotrypsin (11) and resistant to carboxypeptidase (12) . The antidiuretic protein of van Dyke et al. was inactivated by trypsin and chymotrypsin (2, 3) .
D. Serotonin can be excluded as a cause of antidiuretic activity in the present study, although under other conditions it can have an antidiuretic effect. Erspamer and Ottolenghi observed an antidiuretic response after injection of serotonin subcutaneously into rats (13) . Page (14) , however, found no such effect on intravenous injection into dogs and ascribed Erspamer's results to the release of endogenous antidinretic hormone, caused by the painful subcutaneous injection. The present work confirmed his negative finding. In control experiments it was found that an intravenous injection of serotonin in a dose of 7 to 30 ~g./kg. did not cause detectable antidiuresis. It seems unlikely that the antidiuretic activity could have been due to any other substance released on clotting of blood, since serum obtained from rats stimulated with ether anesthesia and hypertonic saline contained no more activity than aliquots of plasma from the same animal, whereas sera from control animals under ethanol anesthesia had no antidiuretic activity.
U~,ine density Acher and Fromageot (3) reported splitting of antidiuretic pituitary protein on dialysis against 0.2 N acetic acid. In this respect the serum factor resembles the van Dyke protein isolated from ox pituitaries. Two points, however, appear to distinguish the serum factor from the van Dyke protein: (a) The activity of serum passed slowly through a cellophane membrane when dialyzed against water, whereas Acher and Fromageot reported complete retention under these conditions (3). (b) The collodion ultrafilter employed to test unmodified serum had large pores, capable of retaining only the larger proteins and aggregates with molecular weight of 70,000 or more. Nevertheless, it did retain all the antidiuretic activity of serum, whereas the van Dyke protein, with a reported molecular weight of approximately 30,000 (2), should have passed the filter to an appreciable extent.
The distinctions, however, are no more than tentative and might disappear on direct comparative study. The important result common to both studies is that the more gentle methods of fractionation show antidiuretic activity to be associated with a complex of high molecular weight, while exposure to acetic acid, as in the usual methods of extraction, splits off an active fragment.
SUMMARY
Serum, taken from rats under ether anesthesia after injection of hypcrtonic saline, contained antidiuretic activity in a concentration equivalent to I to 3 millipressor units of pitressin per ml.
The active material was retained by a collodion ultrafilter and, on electrophoretic analysis, moved with the beta globulins. Dialysis against 0.2 N acctic acid appeared to dissociate the complex.
The antidiuretic factor was found in serum after stimuli known to cause release of pituitary antidiuretic hormone. Inactivation by thioglycolic acid and by proteolytic enzymes paralleled the inactivation of standard pitressin. Control experiments made it unlikely that serotonin, or any other substance released in the clotting of blood, could have contributed to the antidiuretic action. For these reasons it was concluded that the factor studied was native pituitary antidiuretic hormone circulating as a definite proteinpeptidc complex.
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